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Rats and mice immunised with chimeric human/mouse
proteinase 3 produce autoantibodies to mouse Pr3 and rat
granulocytes
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Aim: In this study, we employed chimeric human/mouse
Proteinase 3 (PR3) proteins as tools to induce an autoantibody
response to PR3 in rats and mice.
Method: Rats and mice were immunised with recombinant
human PR3 (HPR3), recombinant murine PR3 (mPR3), single
chimeric human/mouse PR3 (HHm, HmH, mHH, mmH, mHm,
Hmm) or pools of chimeric proteins. Antibodies to mPR3 and
HPR3 were measured by ELISA. Antibodies to rat PR3 were
determined by indirect immunofluorescence (IIF) on rat white
blood cells. Urinalysis was performed by dipstick analysis.
Kidney and lung tissue was obtained for pathological
examination.
Results: In mice, immunisation with the chimeric human/mouse
PR3 Hmm led to an autoantibody response to mPR3. Rats
immunised with the chimeric human/mouse PR3 Hmm, HmH
and mmH, or a pool of the chimeric human/mouse PR3
proteins, produced antibodies selectively binding to rat
granulocytes as detected by IIF. No gross pathological
abnormalities could be detected in kidney or lungs of mice or
rats immunised with chimeric human/mouse PR3.
Conclusion: Immunisation with chimeric human/mouse pro-
teins induces autoantibodies to PR3 in rats and mice. Chimeric
proteins can be instrumental in developing experimental
models for autoimmune diseases.

W
egener’s granulomatosis (WG) is associated with
antineutrophil cytoplasmic antibodies (ANCA),1 in
particular to Proteinase 3 (PR3).2 PR3-ANCA are a

specific and sensitive marker for WG, whereas other ANCA-
associated vasculitides are associated with antimyeloperoxidase
(MPO) antibodies.3 The association between fluctuations in
PR3-ANCA and relapsing disease in WG suggests a pathogenic
role for PR3-ANCA.4 However, although animal models support
a pathogenic role for MPO-ANCA in vasculitis development5

attempts to develop an animal model for PR3-ANCA-associated
vasculitis have not been successful thus far.6 Recently, chimeric
Pr3 proteins that are partly composed of the human amino acid
sequence and partly of the sequence of the mouse homologue
have been described.7 In this study, we employed these
chimeric proteins as immunological tools to induce an
autoantibody response in rats and mice to PR3. We hypothe-
sised that, by epitope spreading,8 antibodies could develop to rat
or mouse PR3 leading to an autoimmune response to PR3. As
the homology between rat and mouse PR3 is 94%, antibodies to
mouse PR3 will likely also recognise rat PR3.9

In a set of experiments, rats and mice were immunised with
separate chimeric human/mouse PR3 proteins or combinations
thereof. Indeed, rats immunised with chimeric human/mouse

PR3 developed autoantibodies to mouse PR3 and rat granulo-
cytes and mice immunised with one specific chimeric human/
mouse PR3 induced antibodies to mouse PR3. The results
provide the first evidence that an autoantibody response can be
generated in rats and mice by immunisation with chimeric
proteins.

MATERIALS AND METHODS
Animals
Experiments were performed in conventionally housed 10-
week-old female Wistar Kyoto (WKY) rats, Brown Norway
(BN) rats and C57BL/6J mice (Harlan, Bilthoven, The
Netherlands). Experiments were approved by the local animal
care and experimentation committee.

Immunisation
Animals were immunised with recombinant human PR3
(HPR3), recombinant mouse PR3 (mPR3) and chimeric
human/mouse PR3 proteins. The latter were generated by the
double overhang splicing PCR technique using the mPR3 and
HPR3 cDNA as templates.7 The chimeric constructs were named
according to the origin of the respective portions of the
molecule, where H denotes HPR3 and m denotes mPR3. Six
chimeric proteins (HHm, HmH, mHH, mmH, mHm and Hmm)
were generated. All recombinant molecules were generated as
enzymatically inactive proteins by substitution of the active site
Ser to Gly.

In a first set of experiments, WKY rats and C57BL/6J mice
were primed by intraperitoneal injection of 10 mg of HPR3,
mPR3, HHm, HmH, mHH, mmH, mHm or Hmm in Complete
Freund’s Adjuvant (CFA) supplemented with H37Ra (Difco,
Detroit, MI). On day 21, animals received a boost immunisation
intraperitoneally with 10 mg of protein in incomplete Freund’s
Adjuvant (Difco). At 0, 3, 6 and 8 weeks, serum samples were
collected. At weeks 3 and 7, animals were placed in metabolic
cages for 16 h to obtain urine samples. Animals were sacrificed
at 8 weeks, and kidneys and lungs were collected.

In a second set of experiments, WKY and BN rats were
primed by intraperitoneal injection with a pool of the six
chimeric human/mouse PR3 proteins (10 mg of each protein) or
60 mg bovine serum albumin (BSA, Sigma Chemicals, St. Louis,
MO) in CFA supplemented with H37Ra. Rats received boost
immunisations at 3, 5 and 7 weeks intraperitoneally with a pool
of the chimeric human/mouse PR3 or BSA in iCFA. At 0, 5, 7, 9,
10 and 21 weeks, serum samples were collected. Animals were
sacrificed at 10 weeks, and kidneys, lungs and urine were

Abbreviations: ANCA, antineutrophil cytoplasmic antibodies; BN, Brown
Norway; BSA, bovine serum albumin; HPR3, human proteinase 3; MPO,
myeloperoxidase; mPR3, murine proteinase 3; PR3, proteinase 3; WG,
Wegener’s granulomatosis; WKY, Wistar Kyoto
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collected. An overview of the experimental set-up is given in
table 1.

Detection of antimouse and antihuman PR3 antibodies
Antibodies specific for mPR3 or HPR3 were detected by anti-
PR3 ELISA as described previously.7 Dilutions of rat or mouse
serum ranged from 1:20 to 1:12 500. Alkaline-phosphatase
labelled rabbit antirat IgG or sheep antimouse IgG (Sigma) was
used as conjugate.

Detection of antigranulocyte antibodies
Rat leucocytes were fixed on glass slides by means of ethanol,
preincubated with 1% NGS and incubated with rat sera (1:10
starting dilution) for 60 min at room temperature. Bound
antibodies were detected by FITC-conjugated goat antirat IgG
(Southern Biotechnology Associates, Birmingham, AL). Nuclei
were counterstained with 10 ng/ml of diamidino phenyl indole
(Sigma).

Statistical analysis
All results are expressed as the mean ¡ SEM and were
analysed using the two-tailed Mann–Whitney U test.

RESULTS
Mice immunised with chimeric human/mouse PR3
produce autoantibodies to mouse PR3
Immunisation of mice with HPR3 induced an antibody
response to HPR3 without any cross-reactivity to mPR3 being
observed. Immunisation with mPR3 did not induce an antibody
response to mPR3 or HPR3 (fig 1A). Mice immunised with the
chimeric proteins HHm, HmH, mHH and Hmm produced
antibodies to HPR3 (fig 1B), whereas only immunisation with
the chimeric protein Hmm induced antibodies to mPR3 (fig 1C).
No antibodies to HPR3 or mPR3 were detected in serum
samples obtained before immunisation

Rats immunised with chimeric human/mouse PR3
produce autoantibodies to mouse PR3 and rat
granulocytes
Immunisation of rats with HPR3 induced an antibody response
to HPR3 but not to mPR3. Immunisation with mPR3 did not
induce an antibody response to mPR3 or HPR3 (fig 2A). Rats
immunised with chimeric human/mouse PR3 produced high
titre antibodies to HPR3, except for rats immunised with mHm
(fig 2C). Immunisation with Hmm, HmH and mmH also
induced antibodies to mPR3 with titres comparable with those
observed for antibodies to HPR3 (fig 2D).

Higher titres of antibodies to HPR3 and mPR3, still present
after 21 weeks, were induced in BN rats compared with WKY

Table 1 Set-up of the experimental groups

Proteins (amount) used for immunisation Rat strain (no. of animals) Mouse strain (no. of animals) No. of immunisations LPS (mg/kg)

HPR3 (10 mg) WKY (4) C57BL/6J (4) 2 –
mPR3 (10 mg) WKY (4) C57BL/6J (4) 2 –
HHm (10 mg) WKY (4) C57BL/6J (4) 2 –
HmH (10 mg) WKY (4) C57BL/6J (4) 2 –
mHH (10 mg) WKY (4) C57BL/6J (4) 2 –
mmH (10 mg) WKY (4) C57BL/6J (4) 2 –
mHm (10 mg) WKY (4) C57BL/6J (4) 2 –
Hmm (10 mg) WKY (4) C57BL/6J (4) 2 –
Pool human/mouse PR3 (60 mg) WKY (3)/BN (3) – 4 –
Pool human/mouse PR3 (60 mg) WKY (3)/BN (3) – 4 1
Pool human/mouse PR3 (60 mg) WKY (3)/BN (3) – 4 2.5
BSA (60 mg) WKY (3)/BN (3) – 4 –
BSA (60 mg) WKY (3)/BN (3) – 4 1
BSA (60 mg) WKY (3)/BN (3) – 4 2.5

Figure 1 Antibodies to human PR3 (HPR3) and mouse PR3 (mPR3) in sera
of mice immunised with HPR3, mPR3 and human/mouse PR3 chimeric
proteins. (A) Antibodies to HPR3 (white bar) and mPR3 (grey bar) were
determined by direct ELISA in 1:100 diluted sera of mice immunised with
different chimeric proteins 8 weeks after the first immunisation. Antibodies
to HPR3 (B) and mPR3 (C) were determined by direct ELISA in 1:20 to
1:500 diluted sera of mice immunised with different chimeric proteins
8 weeks after the first immunisation. Means with SEM values are shown
four 4 mice per group.
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rats after immunisations with a pool of chimeric human/mouse
PR3 (fig 2E,F). Sera recognising mPR3 also bound selectively to
granulocytes of rats (fig 2B). Before immunisation, no
antibodies to HPR3, mPR3 or rat granulocytes were detected

Autoantibodies to mouse or rat PR3 do not induce
autoimmune disease
In the kidney and lungs of mice or rats immunised with either
HPR3, mPR3, single chimeric human/mouse PR3 or pools of
chimeric proteins, no gross pathological abnormalities could be
detected. In all groups of mice or rats, urinalysis by dipstick
revealed no abnormalities

DISCUSSION
Here, we demonstrate that chimeric proteins can be used to
induce an autoantibody response to autologous PR3 in rats and
mice. Despite high titre autoantibodies, no vasculitis-associated
lesions were observed.

No cross-reactivity to rat or mPR3 was seen after immunisa-
tion with HPR3, a phenomenon that has been described for
MPO,10 suggesting that the homology of 69% between HPR3
and the rat (GenBank accession AF503440) or mouse homo-
logue9 is too low for cross-reactivity to occur.

In both species, however, immunisation with chimeric human/
mouse PR3 did induce an antibody response to autologous PR3.
So, the initial recognition of the ‘‘foreign’’ human PR3 part was
essential for spreading to recognition of autologous PR3 via
intramolecular epitope spreading. As the protein sequence of rat
PR3 (GenBank accession AF503440) and mPR3 share 94% of their

amino acids,9 it is likely that the antigenic specificity of the
antibodies binding to mouse and rat PR3 are the same. Numerous
in vitro and in vivo data support a direct pathogenic role of ANCA
in systemic vasculitis (reviewed in Heeringa et al11),5 but a
convincing PR3-ANCA-associated animal model has not yet been
established.6 To further investigate the pathogenic role of
autoantibodies to PR3, we performed a pilot experiment in which
purified IgG from rats immunised with a pool of chimeric human/
mouse PR3 proteins or BSA was injected into C57bl/6 mice (2 mg/
kg body weight). After 6 days, mice were sacrificed. No significant
urinary abnormalities were observed; nor did we find any
pathological alterations in kidneys and lungs. Thus, high titre
autoantibodies to PR3 alone appear insufficient in inducing
disease manifestations.

The mechanisms accounting for the apparent differences in
pathogenicity between PR3-ANCA and MPO-ANCA in animal
models are unclear, but several possibilities may be considered.

First, it was reported that the functional characteristics of mPR3
are more similar to human and murine neutrophil elastase than to
HPR312 suggesting that, under inflammatory conditions, mPR3
will not be expressed on the membrane of neutrophils. Membrane
expression of HPR3 on neutrophils plays a key role in the
pathophysiology of ANCA-associated vasculitis.13 Thus, human
and rats/mice differ too much, at least with respect to the
functional properties and membrane expression of PR3, which
makes appropriate interpretation of the experiments performed
on the pathogenic role of anti-PR3 autoantibodies in rats and mice
difficult. It is thus premature to suggest that autoantibodies to
PR3 alone are insufficient in inducing vasculitis in humans.

 

Figure 2 Antibodies to human PR3 (HPR3),
mouse PR3 (mPR3) and rat granulocytes in
sera of rats immunised with HPR3, mPR3 and
human/mouse PR3 chimeric proteins. (A)
Antibodies to HPR3 (white bar) and mPR3
(grey bar) were determined by direct ELISA
in 1:100 diluted sera of rats immunised with
different chimeric proteins 8 weeks after the
first immunisation. Antibodies to rat
granulocytes in serum 8 weeks after the first
immunisation (B) of rats immunised with
HPR3, mPR3 and human/mouse PR3
chimeric proteins (in this figure immunised
with the chimeric protein HmH) were
determined by indirect immunofluorescence
on ethanol-fixed rat white blood cells. The
staining is shown with nuclear staining
(blue). Sera of rats immunised with human/
mouse PR3 chimeric proteins only recognised
rat granulocytes (green) and not
lymphocytes. The serum dilution was 1:50.
Antibodies to HPR3 (C) and mPR3 (D) were
determined by direct ELISA in 1:100 to
1:12 500 diluted sera of rats immunised with
different chimeric proteins 8 weeks after the
first immunisation. Means with SEM values
are shown for 4 rats per group. Antibodies
to HPR3 and mPR3 (E) were determined by
direct ELISA in 1:100 to 1:12 500 diluted
sera of rats (WKY or BN rats) immunised
with a pool of 6 chimeric proteins 10 weeks
after the first immunisation. Antibodies to
HPR3 and mPR3 (F) were determined by
direct ELISA in 1:640 diluted sera of rats
(WKY or BN rats) immunised with a pool of 6
chimeric proteins up to 21 weeks after the
first immunisation. Means with SEM values
are shown for 3 rats per group.
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Second, differences in ionic strength between mMPO, HPR3
and mPR39 14) could explain differences in tissue retention, which
could account for the discrepancies in pathophysiological effects
of autoantibodies to MPO and PR3 in experimental models.

In conclusion, autoantibodies to autologous PR3 can be
induced in mice and rats by immunisation with chimeric
human/mouse PR3 proteinsbut do not induce vasculitis. The
use of chimeric proteins could provide a new way to study
breakdown of tolerance to other self-antigens.
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